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ABSTRACT 
 
Growing wheat in hyper-arid lands requires improvement of physical and 
chemical soil properties. This study aimed at determining the effects of manual 
incorporation of composts from banana, water hyacinth and baggase into the top 0-30 
cm layer of a desert soil on wheat yield and straw nutrient (N, P and K) contents during 
the 2010 and 2011 seasons. The results showed that increase in grain yield (over the 
control) was in the order of water hyacinth compost (49%) > banana compost (24%) > 
inorganic fertilizer (6%). Application of baggase compost significantly reduced grain 
yield by 56% as compared with the control. Straw dry matter yield was significantly 
higher in banana, water hyacinth and baggase composts than the control by 67%, 62% 
and 28%, respectively. Straw from plants treated with compost from water hyacinth had 
significantly higher N content (0.3%) than those treated with baggase and banana 
composts. Content of P in plots treated with water hyacinth and banana had significantly 
similar values to inorganic fertilizer and higher than the control and baggase treated 
plots by 32% to 50%. However, straw K content was not significantly affected by 
compost application. This study indicated that incorporation of composts form water 
hyacinth and banana wastes is an alternative useful management practice for 
amelioration of desert soils. 
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INTRODUCTION 
Organic inputs are currently of low quality and insufficient quantity to maintain 
soil fertility. The benefits of the application of organic materials to the soil surface or 
incorporated in the topsoil has widely been appreciated in tropical agriculture and 
agroforestry (Mubarak et al., 1999; Mubarak et al., 2001a; 2001b; Mubarak et al., 
2003a; 2003b). However, its efficiency varies with sources. Environmental problems 
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associated with application of raw organic manures might be mitigated with chemical or 
biological immobilization during composting (Cooperband et al., 2002).  
In Sudan, loss of soil fertility and rainfall variability are among factors that contributed 
to low yields (Ayoub, 1999). Studies on the predominantly sandy soils have shown the 
complexity of soil fertility problems (Giller, 2001). There are slim chances of building 
soil organic matter in the tropics and hence nutrient stocks (Giller et al., 1997), 
rendering farmers to rely heavily on external nutrient inputs on a seasonal basis. 
However, most of the smallholder farmers use sub-optimal amounts of fertilizers due to 
cash limitations and poor access to fertilizer markets. Therefore, it is important to 
recycle both endogenous and exogenous nutrient pools. 
In order to make use of organic wastes in agriculture, there is a need to study: 
(1) their nutrient dynamics in the field during decomposition (2) improving the quality 
of organic wastes before composting through modification of C/N ratio and (3) their 
agronomic value. Moreover, published information (in Sudan) in manipulation of 
organic residue quality through mixing with high quality residues together with studies 
that assess potentially mineralizable C and N and horticultural value are greatly lacking. 
Sudan produces about 200 ton year
–1
 of baggase from sugarcane factories which 
may cause disposal problems. Limitations of the use of baggase is the low N content 
(0.3%) and high C/N ratio (131) which will cause N immobilization when applied to 
crops, hence causing crop N starvation.  Composting of baggase will improve its 
manurial value, increase biological activity of the soil and improve acceptable working 
volume. Good compost needs right moisture content and a right level of nutrients 
(especially N). Being in the tropics, Sudan produces and consumes huge amounts of 
banana. Production areas are mainly Khartoum, Kassala and Blue Nile state. It is 
therefore, banana wastes (leaves, stem and empty bunches) impose difficulties in 
disposal. In order to sustain soil fertility, what has been taken from the soil should go 
back to it, these wastes could be very useful if recycled to the soil. Banana wastes are 
potentially good sources of nutrients (1.5-2.5% N, 0.5-1.0% P, 2.8% K, 2.0-4.5% Ca 
and 0.2-0.5% Mg). Moreover, recycling of these wastes could be an environmentally 
and socially sound practice. The object of this paper is to investigate effects of manual 
incorporation of composts, from banana, water hyacinth and baggase into the top 0-30 
cm layer of a desert soil on wheat yield and straw nutrient (N, P and K) contents. 
 
 
MATERIALS AND METHODS 
Project site 
 The project site was divided into two sites; the composting was carried out in El-
Rawakeeb Dry land Research Station, (latitudes 15
o
- 27' and 15
o
 - 30' N and longitudes 
32
o
 -13' and 32
o
 – 16' E, 420 m abs), Ministry of Science and Communication. It lies 
within the tropical semi – arid region of the Sudan and its climate is characterized by a 
short rainy season that extends from July to October with peak in August. The average 
rainfall was 100 – 180 mm, and the evaporation potential was 1800 mm (El-Hag et al., 
1994). The summer season usually, extends for a long period with a maximum 
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temperature of 43˚ C during May. The soil temperature was lower than the ambient 
temperature throughout the year. The geological formation of the area is mainly 
basement complex overlain by superficial deposits of the Nubian sand stone. The soil 
(Table 1) is generally characterized by sandy texture, poor organic nitrogen and carbon, 
moderate bicarbonate and potassium and high sodium, calcium and chloride contents 
(El-Hag et al., 1994). 
 
Collection of organic materials and characterization  
Baggase, banana and water hyacinth were collected from El Ginaid factory, 
Khartoum central market and from the White Nile at the gate of Gezira Aba village, 
respectively. Some chemical properties of the initial materials are shown in Table 2. 
 
Composting and compost characterization  
In June,10
th
, 2010, 9 pits (2 m × 2 m × 1 m) were dug in the El Rawakeeb 
Research Farm, Ministry of Science and Communication (3 replicates for each type). 
Figure 2 shows the pits where composting process was conducted. The size of the initial 
materials was reduced into small parts and the C/N ratios were adjusted to ~ 25-30 using 
of farm yard manure. Then after, materials were incubated inside the pits and covered 
with plastic sheets for anaerobic composting. The temperature of the compost was 
monitored every week using special thermometers. Compost maturity (21/10/2010) was 
determined when compost temperature dropped to the air temperature. A sample from 
the finished compost was chemically analyzed for characterization. 
Similarly, in June 2011, compost preparation was repeated using the same steps as 
earlier mentioned and was finalized in October 2011.  
 
Compost application and planting of wheat  
This study was conducted in a farm that belongs to a group of famers located at El 
Hassa Project. Initial soil characterization was performed using soil sample collected 
from soil profiles (Table 2). The compost was manually applied (Figure 3) to plots (4 m 
X 4 m) and incorporated (Figure 4) in the top 30 cm soil depth. A basal dose of 1P was 
applied to all plots. Treatments were arranged in a Randomized Complete Block Design 
(RCBD) as follows: 
1. Control (no fertilizer no compost) 
2. Fertilizer (Recommended dose) 
3. Banana compost (10 t ha-1) 
4. Baggase compost (10 t ha-1) 
5. Water hyacinth compost (10 t ha-1) 
Plots were irrigated for two weeks before sowing the wheat crop. Wheat (variety 
Neelain) in the three seasons (i.e. 2010, 2011 and 2012) was sown in 15
th
 November 
and at the rate of 115 kg ha
-1
. 
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Irrigation 
The plots were irrigated weekly from the River Nile. The amount of water 
applied at irrigation was calculated according to the recommendation (420 m
3
 feddan
-1
). 
This was monitored when approximately the height of 10 cm was reached at each plot. 
The total number of irrigation was 8 times.  
 
Wheat harvesting 
The first, second and third wheat crops were harvested in mid-March of 2011, 
2012 and 2013, respectively (i.e. after 12 weeks from sowing). At harvest, eight plants 
from the center of each plot were randomly removed at a height of 5 cm from the soil 
surface with a knife. The heads were removed and inserted inside labeled paper bags. 
The straw of the eight plants was chopped into small pieces and inserted into labeled 
paper bags. The fresh weight of the eight plants was immediately determined and 
transferred to the oven (65-70
o
C) for dry weight determination. Seeds of the eight plants 
were also weighed after drying and crushed for analysis. Then after, all heads of each 
plot were harvested, dried and the weight was recorded. The total grain weight of each 
treatment was calculated as kg ha
-1
. For determination of straw yield, standing plants in 
each plot were chopped at 5 cm height from the soil surface and the total plot weight 
was determined inside the field using heavy duty balance. The total straw dry matter 
yield (Dry matter of the plot = 100 – %M.C × fresh weight of the plot) was calculated as 
t ha
-1
 using the moisture content value (% M.C = fresh weight of the sample – dry 
weight / fresh weight × 100) from the eight samples. After harvest, soil samples from 
the 0-30 and 30-60 cm depths were collected and transferred with the chopped straw 
(leaves and stems) to the laboratory for routine analysis. Portion of the soil samples 
were stored as collected while the other portion was crushed and sieved (2 mm Ø) and 
kept for analysis. Also, field soil samples were stored fresh in the Fridge (-4
o
C) for 
analysis of soil mineral N.  All plant samples were oven dried at 65-70
˚
C until constant 
weight then, the samples were weighted again and lastly milled by grinding-miller 
(1mm). Crushed samples were placed in small nylon bags with labels in preparation for 
laboratory analysis.    
 
Plant analysis  
           Exactly two grams of crushed (1mm) samples were placed into a muffle furnace 
and gradually ashed at 550
˚
C at the end until the color of the ash changed to white. The 
weight of the plant ash was defined as the ash content (% ash = ash weight / sample 
weight × 100). Then the samples were extracted by addition 10 ml of 5 N HCL (to 
dissolve the contents) and placed in a hot sand bath for about 4 to 5 minutes. The 
contents were filtered using Whatman NO.42 and completed into a 50 ml by distilled 
water in a volumetric flask to determine the nutrients contents of K and P (Chapman 
and Pratt, 1961).  
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Statistical analysis 
Significant differences between treatments were determined using SAS (1985) 
and means separation was performed with Least Significant Difference (LSD).  
 
 
RESULTS  
Grain yield  
Grain and straw dry matter yield of the first season are shown in Figures 1a and 
b, respectively. Grain yield from plots treated with either water hyacinth or banana 
composts had significantly (P ≤ 0.01) higher grain yield as compared to inorganic 
fertilizer by about 17 to 40%. The grain yield from the baggase plots was less than the 
inorganic fertilizer by almost 50% but straw yield was statistically similar. Similarly, 
the straw yield was higher in plots treated with water hyacinth and banana compost than 
inorganic fertilizer by 21 to 25%. Grain yield (Figure 12a) from the second season has 
greatly improved where the difference was also statistically significant (P ≤ 0.02). 
Application of water hyacinth and banana composts had increased grain yield over the 
application of inorganic fertilizer by 61 and 29%, respectively. Similar to the first 
season, application of the baggase compost reduced yield compared to the control and 
inorganic fertilizer by about 59% and 61%, respectively. Grain yield form plots treated 
with banana compost was greater than that obtained from control and inorganic fertilizer 
by 42% and 29%, respectively. Although the grain yield of the third wheat (Figure 13a) 
was heavily affected by weeds and bird infestation, results showed that yield obtained 
from treatments were in the following ascending order water hyacinth (1143.4 kg ha
-1
) > 
banana (1030.1 kg ha
-1
) > inorganic fertilizer (789.9 kg ha-1) > baggase (563.2 kg ha
-1
) 
> control (113.9 kg ha
-1
).  
 
Straw dry matter yield 
The straw dry matter yield of the first season (Figure 11b) was significantly 
different among treatments. Application of banana and water hyacinth had resulted in 
21% to 25% higher straw than the inorganic fertilizer (2025.5 kg ha
-1
). Incorporation of 
baggase compost produced almost similar straw yield (1935.3 kg ha
-1
) to the inorganic 
fertilizer. In general, all compost application produced significantly higher (by 28% to 
67%) straw than that obtained from the control (1512.3 kg ha
-1
). After two seasons of 
application of compost (i.e. after harvest of the second wheat), straw dry matter was 
also significantly affected by compost application (Figure 12b). It was found that straw 
from plots treated with water hyacinth produced statistically similar yield (2387 kg ha
-1
) 
to that obtained from the inorganic fertilizer plots (2514.5 kg ha
-1
). The baggase and 
banana plots had also similar straw yield (1806.3 to 1707 kg ha
-1
). However, all 
compost produced significantly more (25% to 75%) straw than that obtained from the 
control plots. Despite the negative effects of external factors on the third wheat (as 
explained in section 3.2.), generally the trend was in the following order inorganic 
fertilizer = water hyacinth > baggase = banana > control. 
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Straw nutrients (N, P and K) content  
Significant difference in wheat straw nutrients content (N, P and) was observed 
in the three seasons (Table 5). In the first season the highest N content was observed in 
the plot treated with banana waste, while the lowest was in plot treated with baggase 
compost. In the first season, application of banana and water hyacinth significantly 
increased P content relative to other treatments. However, in the second and the third 
the highest P content was in plot treated with inorganic fertilizers. The composted 
materials had no significant effect on straw K content in the three seasons. However, 
composted material increased straw K content in the three seasons in comparison with 
the control.  
DISCUSSION 
 
Hu and Qi reported (2013) that wheat straw biomass, grain yields, straw and 
grain nutrition increased significantly in compost soils than in untreated soil. Similarly, 
Rasool et al. (2007, 2008), found that wheat and maize yields were higher in the 
compost plot than in the untreated plot under long-term application fertilizers 
experiment. Reduction in yield or nutrient content in plot treated with baggase compost 
may be attributed to its high initial C/N ratio before and after composting. Although, the 
C/N ratio of baggase has being adjusted to 25 at the start of the composting process, the 
final C/N ratio was higher than 25 (Table 3 and 4). Organic material with high initial 
C:N ratio required  longer time for composting, because the composting process is 
slower at the beginning (Tuomela et al., 2000).  The final C: N ratio of both water 
hyacinth and banana waste was less 20 after 90 days (Table 4). However, baggase 
compost C: N ratio was 34.6 after 90 days composting.  Allison (1973) reported that 
compost have C:N ratio higher than  20 will result in  N immobilization  slow  release of 
mineral N for crop use when  the compost is added to soil. 
 
CONCLUSIONS 
 
Stable and good quality compost could be prepared from available wastes that 
can be recycled for desert cultivation. Continuous application of compost from banana 
and water hyacinth proved to have positive impact on soil quality especially available 
mineral N, P and K. The project results showed that grain yield and straw dry matter 
had consequently increased or showed similar values to the inorganic fertilizer 
application. Therefore, judicious application of both organic inorganic fertilizers could 
possibly improve the ecosystem services. Baggase, a high C/N ratio material should be 
manipulated carefully before incorporation as this might triggers soil biota and could 
immobilize nutrients (N and possibly P) applied to the main crop. 
 
 
U. of K.  Graduate College and Scientific Research.  The 5th Annual Conference - Agricultural and Veterinary Research - February 2014, Khartoum, 
Sudan, Conference Proceedings – Volume Three 
 
 
842 
REFERENCES 
Allison, F.E. (1973). Soil organic matter and its role in crop production. Elsevier 
Scientific Publ. Company, Amsterdam. 
Ayoub, A. T. (1999). Fertilizers and the environment. Nutrient Cycling in 
Agroecosystems 55: 117-121. 
Cooperband, L., Bollero, G., and Coale, F. (2002). Effect of poultry litter and composts 
on soil nitrogen and phosphorus availability and corn production. Nutrient 
Cycling in Agroecosystems, 62 (2): 185-194. 
Giller, K.E. (2001). Targeting management of organic resources and mineral fertilizers: 
Can we match scientists’ fantasies with farmers’ realities? In: Vanlauwe, B., 
Sanginga, N., Diels, J., Merckx, R. (eds.), Balanced Nutrient Management 
Systems for the Moist Savanna and Humid Forest Zones of Africa. CAB 
International, Wallingford. pp. 155 -168. 
Giller, K.E., G. Cadisch, C. Ehaliotis, E. Adams, W.D. Sakala, and Mafongoya P.L.. 
(1997). Building soil nitrogen capital in Africa, pp. 151-192, in R.J. Buresh, and 
P.A Sanchez, eds., Replenishing Soil Fertility in Africa. SSSA Special 
Publication 51. Madison, WI, USA. 
Hu , C., Qi, Y. (2013) Long-term effective microorganisms application promote growth 
and increase yields and nutrition of wheat in China. European Journal of 
Agronomy 46: 63–67. 
Mubarak, A. R., Rosenani A. B., Zauyah S. D. and Anuar A. R. (2001). Balance of 
applied 
15
N labelled ammonium sulfate by maize (Zea mays L.) in the humid 
tropics. Japanese Journal of Tropical Agriculture 45: 176-180.  
Mubarak A. R., Rosenani A. B., Zauyah S. D. and Anuar A. R. (2001). Nitrogen 
mineralization in tropical soils amended with crop residues. Tropical Agriculture 
(Trinidad) 78: 165-173.  
Mubarak A. R., Rosenani A. B., Zauyah S. D. and Anuar A. R. 2003. Effect of 
incorporation of crop residues on a maize – groundnut sequence in the humid 
tropics. : Soil properties. Journal of Plant Nutrition 26: 2343-2364. 
Mubarak A. R., Rosenani A. B., Zauyah S. D. and Anuar. A. R. 2003. Effect of 
incorporation of crop residues on a maize – groundnut sequence in the humid 
tropics. : Yield and nutrient uptake. Journal of Plant Nutrition 26: 1841 - 1858.  
Mubarak A. R., Rosenani A.B., Zauyah S. D and Anuar A. R. 1999. Decomposition and 
nutrient release from maize (Zea mays L.) residues and N uptake by groundnut 
U. of K.  Graduate College and Scientific Research.  The 5th Annual Conference - Agricultural and Veterinary Research - February 2014, Khartoum, 
Sudan, Conference Proceedings – Volume Three 
 
 
843 
(Arachis hypogaea) in a crop rotation system. Malaysian Journal of Soil Science 
3: 93-107. 
Rasool, R., Kukal, S.S., Hira, G.S. (2007). Soil physical fertility and cropperformance 
as affected by longterm application ofFYM and inorganic fertilizers in rice–
wheat system. Soil and Tillage Research 96: 64–72. 
Rasool, R., Kukal, S.S., Hira, G.S. (2008). Soil organic carbon and physical proper- ties 
as affected by long-term application of FYM and inorganic fertilizers in   maize–
wheat system. Soil and Tillage Research 101: 31–36. 
Tuomela, M., Vikman, M., Hatakka, A., Itavaara, M. (2000).  Biodegradation of lignin 
in a compost environment: a review. Bioresource Technology 72(2): 169-183. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
U. of K.  Graduate College and Scientific Research.  The 5th Annual Conference - Agricultural and Veterinary Research - February 2014, Khartoum, 
Sudan, Conference Proceedings – Volume Three 
 
 
844 
Table 1. Initial soil properties of the study site where composting has been done 
Soil property Depth (cm) 
0-40 40-130 130-180 
Sand 47.01 65.02 66.33 
Silt 18.75 4.29 3.94 
Clay 37.02 30.60 29.37 
Saturation % 31.05 26.96 32.74 
Texture class SC SCL SCL 
CEC 17.05 8.91 13.86 
O.C 0.89 0.47 0.05 
N% 0.016 0.016 0.009 
Na meq/l 9.20 9.54 8.56 
K meq/l 0.98 0.53 0.32 
Ca meq/l 3.60 5.50 2.30 
Mg meq/l 0.166 0.350 0.166 
HCO3 meq/l 0.66 0.5 0.5 
pH 7.16 7.50 7.26 
CaCO3 7.2 4.8 11.6 
ECe 1.44 0.89 1.50 
ESP (%) 8.45 9.90 10.82 
 
Clay mineralogy 
Kaoline (%) 64.91 56.26 35.60 
Smectite %) 35.09 43.74 64.40 
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Table 2. Characterization of the initial materials used for composting 
Compost type OC TN Ash C/N 
% 
Water hyacinth 41.58 0.81 23.95 51.33 
Baggase 52.86 0.46 4.94 114.91 
Banana 42.78 1.12 18.75 38.19 
U. of K.  Graduate College and Scientific Research.  The 5th Annual Conference - Agricultural and Veterinary Research - February 2014, Khartoum, Sudan, Conference Proceedings – Volume Three 
 
 
846 
          Table 3. Compost analysis after 50 days (initial C/N ratio 25) 
 
Compost Ca Mg K N  
P mg/kg 
 
pH(paste) 
 
EC dSm
-1
 
 
OC% 
 
C/N 
g/kg 
Water hyacinth 37±0.1 85±0.1 8.9±0.1 23.3±0.8 83.6±0.38 7.3±0.01 1.3±0.001 41.5±0.002 17.82 
Banana 68.8±0.15 77.1±0.2 8.0±0.1 18.6±0.56 55.2±0.76 6.9±0.02 1.0 ±0.01 43.1±0.004 22.68 
Baggase 36.4±0.1 23.9±0.12 0.83±0.15 12.7±0.51 61.9±0.76 7.4±0.02 1.1±0.02 52.9±0.002 41.65 
LSD5% 0.24 0.29 0.16 1.27 1.31 0.03 0.03 0.005  
LSD1% 0.36 0.44 0.25 1.92 1.99 0.04 0.04 0.008  
CV (%) 1.7 1.8 3.4 14.9 8.1 0.51 1.26 0.04  
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Table 4. Compost analysis after 90 days (initial C/N ratio 25) 
 
Compost Ca Mg K N  
P mgkg
-1
 
 
pH 
 
EC dSm
-1
 
 
OC% 
 
C/N 
gkg
-1
 
Water 
hyacinth 
37.2±0.15 85.7±0.15 8.9±0.06 23.03±0.23 84.9±0.67 7.3±0. 1 1.24±0.01 30.6±0.002 13.29 
Banana 69.1±0.15 77.3±0.06 8.3±0.1 19.0±0.2 56.6±0.77 6.7±0.06 1.01±0.02 32.1±0.004 16.89 
Baggase 36.3±0.10 23.7±0.38 8.5±0.01 12.4±0.15 63.9±0.39 7.4±0.06 1.16±0.06 42.9±0.002 34.6 
LSD5% 0.27 0.48 0.13 0.4 1.26 0.14 0.07 0.005  
LSD1% 0.42 0.72 0.20 0.6 1.9 0.23 0.11 0.008  
CV (%) 1.99 3.01 2.72 4.63 7.62 2.79 3.41 0.041  
U. of K.  Graduate College and Scientific Research.  The 5th Annual Conference - Agricultural and Veterinary Research - February 2014, Khartoum, 
Sudan, Conference Proceedings – Volume Three 
 
 
848 
Table 5: Effects of compost on SDM N (g kg
-1
), P (ppm) and K content (g kg
-1
) of the 
1
st
, 2
nd
 and 3
rd
 wheat seasons 
Treatments 1
st
 Season 2
nd
 Season 3
rd
 Season 
N P K N P K N P K 
C 13.5 18.0 16   ND 21.9 23   ND 21.2 16 
Baggase 10.3 18.3 19 ND 23.5 20 ND 29.0 21 
Banana 14.3 28.3 15 ND 26.6 24 ND 28.8 18 
Water hyacinth 13.5 28.0 19 ND 26.7 24 ND 27.9 22 
Fertilizer 13.0 26.0 20 ND 34.4 27 ND 35.4 24 
Probability 0.03 0.04 0.1 ND 0.05 0.07 ND 0.01 0.1 
ND = not determined   
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Fig.1. Wheat grain (a) and straw dry matter (b) yield of the 1
st
 season. 
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Fig. 2.  Wheat grain (a) and straw dry matter (b) yield of the 2
nd
 season. 
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Fig.3.  Wheat grain (a) and straw dry matter (b) yield of the 3
rd
 season. 
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